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(54) ink Jet head for high speed printing and method for it's fabrication 



(57) The Invention provides an ink jet head which 
exhibits a good response characteristic through heating 
and fast cooling enough to implement high-speed print- 
ing. A nozzle plate (10) having a nozzle orifice (1 1), and 
a substrate (7) constitute part of a peripheral wall of an 
Ink chamber (31). Apressure generating member (20) is 
provided in the ink chamber (31). The pressure generat- 
ing member (20) has a bucWing member (1), a heater 
layer (3), and adiaphragm (5). The bucWing member (1) 
is formed into a generally plate shape and its peripheral 
portion ts attached to the substrate (7). The buckling 
member (1) can be switched between a no-displacement 
state in which it undergoes substantially no thermal 
stress, and a buckled state in which it is thermally 
expanded and buckled. The heater layer (3) is provided 
along a surface of the buckling member (1) on the sub- 
strate (7) side. The diaphragm (5) is composed of a gen- 
erally plate-shaped flexible material arKi provided along 
a surges of the buckling member (1) on the nozzle plate 
(1 0) side in such a state that at least its peripheral portion 
(5c) is attached to a peripheral portion (1c) of the buck- 
ling member (1). 
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The present invention relates to an ink jet iiead that 
performs recording by jetting and flying ink liquid. The 
present invention also relates to a method for fabncatng 
the Inkjet head. 

2. Description of the Prior Art 

There have been commercially available ink jet 
heads based on various droplet discharge principles. In 
one type of ink jet head, for example, ink is discharged 
through a nozzle hole of an ink chamber by mechanical 
deformation of a piezoelectric device (piezoelectric 
device system). In another type, ink is boiled by heating 
with a header so that bubbles are generated, and the ink 
is discharged through a nozzle by pressure changes due 
to the bubble generation (bubble jet system). 

Under such cirdimstances. there has recently been 
proposed an Inkjet head 51 0 using a pressure generat- 
ing member 501 that will generate heat and deform by 
electrical energization, as shown In Fig. 32 (Japanese 
Patent Publication No. HEI 2-30543). In this Inkjet head 
51 0 a pair of electrodes 51 3b. 51 3b are provided at both 
endsofano2zleplate511havinganozzleopening511a, 
with insulating films 513a, 51 3a interposed between the 
electrodes and the nozzle plate. Also, the plate-shaped 
pressure generating member 601 is stretched between 
these electrodes 513b. 513b so as to connect them with 
each other, and a cover member 515 is provided so as 
to accommodate these components therein. In opera- 
tion, ink 80 is fed from a preliminary ink chamber 532 so 
that a clearance 530 between the nozzle plate 51 1 and 
the pressure generating member 501 as well as a rear 
side 531 of the pressure generating member 501 are 
filled with the Ink 80. Then, during a heating period, the 
* pressure generating member 501 is energized through 
the electrodes 513b. 51 3b to generate heat. Through this 
heat generation, the pressure generating member 501 
undergoes a thermal stress due to its tiiermal expansion 
coefficient so that its center portion is displaced m a 
direction perpendicular to the plate plane. As a result, 
the pressure generating member 501 causes a pressure 
to be generated in the ink chamber, whereby the ink 80 
is discharged in the form of particles through the no^Ie 
opening 51 1a. When a cooling period is entered after 
completion of tiie heating period, the energization is 
stopped and the pressure generating member 501 is 
cooled to restore to tiie original configuration (position). 
By such heating period and cooling period being 
repeated, the displacement and restoration of the pres- 
sure generating member 501 are repeated. 

However, the aforementioned InkJet head 510 has 
been given almost no technical idea with respect to heat 
radiation of the pressure generating member 501. such 



tiiat particularly on the preliminary ink chamber 532 side 
of tiie pressure generating member 501, the ink 80 of 
relatively low thermal conductivity is present alone. This 
accounts for a low cooling rate of the pressure generating 
s member 501 in operation, so tiiat the response charac- 
teristic is too poorto attain high speed printing, as a prob- 
lem. Also, the nozzle plate side clearance 530 and tiie 
rear side space 531 of the pressure generating member 
501 are communicating directiy witii each other. There- 
to fore, the ink present in tiie clearance 530 between tiie 
nozzle plate 511 and tiie pressure generating member 
501 tends to go around to the rear side space 531 of tiie 
pressure generating member when it undergoes a pres- 
sure on the nozzle plate 51 1 side by tiie pressure gen- 
ts erating member 501 in operation. This leads to another 
problem tiiat the discharge force and discharge velocity 
of ink are low. 



Ql IMMARY OF THg INVENTION 



An object of the present invention is therefore to pro- 
vide an ink jet head having a good response character- 
istic through heating and fast cooling so that it can 
perfomi high speed printing. Anotiier object of tiie 
25 present invention Is to provide an Inkjet head which can 
prevent ink present in clearance between a nozzle plate 
and a pressure generating member from going around 
to a rear side of the pressure generating member, 
whereby the discharge force and discharge velocity of 
30 ink can be increased. Yet anotiier object of the present 
invention is to provide an ink jet head which is small in 
size and long in life. A f urtiier object of ttie present inven- 
tion is to provide a metiiod forfabricafing the aforemen- 
tioned Inkjet heads into small size and with simplicity. 
35 In order to achieve tiie aforementioned object, tiiere 
is provided an ink jet head which comprises: an ink 
chamber including as part of Hs peripheral wall a nozzle 
plate having a nozzle opening, and a substrate opposed 
to tiie nozzle filate; and a pressure generating member 
40 provided in the ink chamber and opposed to the nozzle 
plate wherein the pressure generating member is 
deformed to generate a pressure within the ink chamber, 
so that ink liquid in the ink chamber is discharged out of 
tiie ink chamber through tiie nozzle opening, tiie pres- 
45 sure generating member comprising: a buckling member 
which Is formed into a generally plate shape, where por- 
tions forming both ends in at least one direction out of a 
peripheral portion of the bucWing member are attached 
to tiie substrate, and which bucWing member is switch- 
60 able between a no-displacement state in which the buck- 
ling member undergoes substantially no tiiermal stress, 
and a bucWing state in which tiie buckling member is 
bucWed through tiiermal expansion; and a heater layer 
which is provided along one surface of the bucWmg mem- 
55 ber and which generates heal through electrical ener- 
gization. 

The ink jet head with the above arrangement is 
driven In tiie following fashion. That is, the ink chamber 
is previously filled witii ink for an operation. Dunng a 



2 



3 



EP0 713 774 A2 



4 



heating period, the heater layer is electrically energized 
to generate heat. The buckling member, receiving this 
heat from the heater layer, turns from a no-displacement 
state into a buckled state due to thermal expansion. As 
a result the pressure generating member Including the 
buckling member and the heater layer is deformed as a 
whole so that a pressure is generated In the ink chamber. 
This pressure causes the ink liquid within the ink cham- 
ber to be discharged out of the chamber through the noz- 
zle opening of the nozzle plate. Upon the entrance into 
a cooling period, the heater layer is stopped from being 
energized. Then, the buckling member Is cooled so as 
to be restored to the original no-displacement state 
together with the heater layer. As a result, the pressure 
generating member as a whole is restored to the original 
position. Such heating period and cooling period are 
repeated, whereby the pressure generating member is 
repeatedly deformed and restored. 

In this Ink jet head, the substrate is present on a side 
of the pressure generating member opposite to the side 
on which the nozzle plate is provided (hereinafter, 
refen'ed to as "rear side"). As the material of this sub- 
strate, actually, one having a thermal conductivity larger 
than that of Ink by one order or more may be readily 
selected. In such a selection, after a heating period and 
upon th e entrance Into a cooling period, heat of the pres- 
sure generating member, especially of the bucWIng 
member and the heater layer, is discharged out of the 
ink chamber reipldly through the sut)strate. Accordingly, 
the cooling rate of the pressure generating member 
becomes a high rate. As a result of this, a good response 
characteristic is obtained so that high-speed printing 
becomes possible. Also, since the buckling member and 
the heater layer, which constitute the pressure generat- 
ing merrier, are provided by IrKiependent layers, the 
heater layer may be shaped into a narrow pattern irre- 
spectively of the shape of the buckling member. Such an 
.an-angement saves the amount of current for energiza- 
tion Involved in obtaining a required amount of heat so 
that the power consumption is reduced. 

Also, there is provided an ink jet head which com- 
prises: an ink chamber including a as part of its periph- 
eral wall a nozzle plate having a nozzle opening, and a 
substrate opposed to the nozzle plate; and a pressure 
generating member provided In the ink chamber and 
opposed to the nozzle plate, wherein the pressure gen- 
erating member is deformed to generate a pressure 
within the ink chamber, so that Ink liquid In the ink cham- 
ber is discharged out of the ink chamber through the noz- 
zle opening, the pressure generating member 
comprising: a buckling member which is formed into a 
generally plate shape, wheriB portions forming both ends 
in at least one direction out of a peripheral portion of the 
buckling member are attached to the substrate, and 
which buckling member is switchable between a no-dis- 
placement state in which the buckling member under- 
goes substantially no thermal stress, and a buckling 
state in which the buckling member is buckled through 
thermal expansion; and a diaphragm which is composed 



of a generally plate-shaped flexible material, and which 
is provided along one surface of the buckling member on 
the nozzle plate side out of both surfaces of the buckling 
member in such a state that a peripheral portion of the 

5 diaphragm is attached to the peripheral portion of the 
buckling member. 

The ink jet head with the above arrangement is 
driven in the following fashion. That is, the ink chamber 
is previously filled with in1< for an operation. During a 

10 heating period, the buckling member is electrically ener- 
gized to generate heat. The bucWing member, by this 
heat generation, turns from a no-displacement state into 
a buckled state due to thermal expansion. The dia- 
phragm provided along a surface of the buckling mennber 

IS on the nozzle plate side (hereinafter, referred to as "front 
surface*) is composed of a flexible material, and there- 
fore will be flexed and deformed in response to a press- 
ing force due to deformation of the buckling member. 
That Is, the pressure generating member including the 

20 buckling member and the diaphragm is deformed as a 
whole so that a pressure is generated in the ink chamber. 
This pressure causes the Ink liquid within the ink cham- 
ber to be discharged out of the chamber through the noz- 
zle opening of the nozzle plate. Upon the entrance into 

25 a cooling period, the heater layer is stopped from being 
energized. Then, the bucWIng member is cooled so as 
to be restoreid to the original no-displacement state. The 
diaphragm, now free from the pressing force from the 
budding member, is restored to the original state by its 

30 own restoring force. That is. the pressure generating 
member as a whole is restored to the original position. 
Such heating period and cooling period are repeated, 
whereby the pressure generating member is repeatedly 
displaced and restored. 

S6 In this ink jet head, the substrate is present on the 
rear side of the pressure generating member. As the 
material of this substrate, actually, one having a thermal 
conductivity larger than that of ink by one order or more 
may be readily selected. In such a selection, after a heat- 

40 Ing period arKi upon the entrance into a cooling period, 
heat of the pressure generating member, especially of 
the buckling member, is discharged out of the ink cham- 
ber rapidly through the substrate. Accordingly, the cool- 
ing rate of the pressure generating member becomes a 

45 high rate. As a result of this, a good response character- 
istic is obtained so that high-speed printing becomes 
possible Also, thanks to the diaphragm, the ink present 
in a clearance between the nozzle plate and the pressure 
generating member (diaphragm) can be prevented from 

so going around to the rear side of the pressure generating 
member (diaphragm) during an operation. As a result, 
the discharge force and discharge rate of ink become 
large. Further, since the buckling member and the dia- 
phragm, which constitute the pressure generating mem- 

55 ber, are provided separately, the buckling member may 
be shaped irrespectively of the shape of the diaphragm. 
For example, it becomes possible to form slits in the 
buckling member. Such an arrangement allows the buck- 
ling member to be rapidly cooled by circulating the refrig- 
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erant such as ink through the buckling member on ttie 
reTside of the diaphragm, as described later. As a 
reL an even better response character.stc can be 
so that high-speed printing becomes posstole. 
in one embodiment of the present "mention there 
is provWed the pressure generating nr'ember furttie 
«,mprises: a diaphragm which is composed of a gen«> 
S^Se-shapedflexiblematerial, and which'sprcv^^^^^ 
LngonesurfaceofthebucWingmembe|^ntheno«le 

plate side out of both surfaces of the bud^-ng membe^ 
fnsuchastatethataperipheral portion olthediaphragm 

TsSShiTtheperrphe'^lportionofthebucWingmem- 

''^''■rhe ink iet head with the above arrangement Is 
drive-in Z following fashion. That is. the ink chamber 
fs T^ously filled with ink far an operation. Dunng a 
heK period, the heater layer is electricaljr energized 
to aenerate heat. TTie bucWing member, receiving this 
K^Xeheaterlayer.turnsfromano-displacemerrt 

Se a bucWed state due to thermal expansion. ^ 
a^Srthe pressure generating member including the 
' LSme^ber.theheaterlayer.andthediap j^ 
deformed asawholesothatapressureisgene^^^^^^^ 
♦ha ink Chamber This pressure causes the ink liquia 
^rmnti^^nk^'ambertobedischarg^ 
Sthroughthenozzleopeningofthenozzle^^^^^^^ 

the entrance into a cooling period, the heater layer is 
Sp^frombeingenergized-Then. the buckling mem^ 
ber fe cooled so as to be restored to the ongmal no-dis- 
p acirnrstate together with the heat« layer^The 
dLhraam now free from the pressing force from the 
meJier. is restored to the original state by its 
Si^^eir^rce-Asaresultthepressuregenej^^^^ 
X^ber as a whole is restored to the onginal posrtion. 
SuS heating period and cooling period are repea^. 
Sle^^rS^essure generating member Is repeatedly 
displaced and restored. 

In this ink jet head, the substrate is present on tt^e 
rear side of the pressure generating ^embw. As ttie 
material of this substrate, actually, one having a thenml 
1 ^nductivitylargerthanthatofinkbyoneoderc.^^^^ 
mav be readily selected. In such a selection, after a heat 
S S ari upon the entrance into a cooling period 
SrSte pressure generating member, espeoallyd . 
Se L Wing member and the heater layer, is disdna^«« 
. Z of Ihelnk chamber rapidly through the subs^e 
JccoKlinflly. the cooling rate of the.pressure generating 
JSSrSixjmes a high rate. As a result of ti. s a good 
™nse characteristic is obtained so that high-speed 
S becomes possible. It noted ttjt ^e ^-^ 
unchanged even if an ink layer is present more or le^ 
beS the substrate and the pressure generating 
SS^Jso.sincethebuckling member andthehesrt^ 
^Twhich constitute the pressure generatng member 
a™idedbyindependentlayers.theheaterlayermay 
be Sed into a narrow pattern irrespectvely of the 
shaoe d the bucMing metrtoer. Such an arrangement 
S ves the amount of current for energization involved in 
obSfn Jg a required amount of heat so that the power 



consumption is reduced. Further, thanks to »>e dia- 
^iTtheinkpresentinadearancebetweentt.er^^^^^ 

Se plate and the pressure generating member 
^pLgm)canbeprevemedfromgoinga^ndtott^^^ 
. rear side of the pressure generating member (dia 
' phragm) during an operation. As a result, the disj^ 
Said discharge rate of ink become large^ «^ 
practical operating characteristics can be obtained. Fur 
^^^L iScWlng member and the diaphragrn^ 
,0 J^Siih constitute the pressure generating member are 

provided separately, the bucWlng member may be 
SXespectivelyoftheshapeofthediaphragmJFor 

Se.iJbecomespossibletofomnslltsinthebudWmg 

3S Such an arrangement allo^ 
member and the heater layer to be rapidly cooled by cir- 
SS^^^SgerahtsuchasinkthroughthebucMing 
member on ti^erear8ideofthediaphragm.asdescrib^ 
Ste7i a result, an even better response characteristic 
2n b^o^e^ so that high-speed printing becomes 

" *^h*e ink jet head of one embodiment, the heater 
layetepLdedalongonesurfaceofttiebuddingnriem- 
bTo tSesubstraleside(herelnaftenreferredto^^^^ 
surface") out of both surfaces of the buckling member. In 
^ S?rse.X a heating period and ipon the en^ 
STcooling period, the heata layer *at h^ be^ 
heatedtoahigh temperature particularly out of the pres 

Se1en«aling member is rapidly cooled through the 
Accordingly, the cooling rate of the pressure 
so SSratingmemberbecomesahighrateAsaresut^an 
Setter response characteristic cari be obtained so 
ttiat hiah-speed printing becomes possible. 

S'theTnk jet head of one embodiment. ti.e pressure 
generating member has a first Insulating layer provided 
ss SleenL substrate and the heater teyen^^^^^^ 
arrangement allows the substrate and tiie heat« layer 
to be successfully insulated from each other so tiiat the 
^ufr^ifLngttioughtheheaterlayerwU^^^^ 
ti,esubstrate.Asaresult. the amount of current required 
40 to obtain the necessary heat generation can be saved 
so that the power consunption can be reducea. 

inthe Inkjet head of one embodiment, thepressure 
gen^ating mimber has a second insulating l^ay^^o- 

Led between the bucWing •"e"*®',"^.**^^^^ 
45 layerSuchanarrangementallowsthebuddinomei^e^ 

aS tiie heater layer to be successfully Insulated from 
SSSierlothatthecurrentflowinglhroughthe heater 

C3 never leaktotiie bucWing member. As a resuft^ 
he aTunt of current required to obtain ttie necessary 
so ?ir^ation can be saved so that the power con- 

sumption can be reduced. . „»u,ort!a 

k^theinkjethead of one embodiment, ^ncetiieda- 
phragm is formed into a generally disc shape. Jevolu- 
LricvariationoftheinkchamberCaclearancebeNeer^ 

ss me nozzle plate and the pressure generating member) 
biSte^eforasmallsurfaceareaofthetfaphragm^ 
TOs fe because the portion that is displaced by being 
Sill by ttie bucWing mender is limited to a circular 
aSS«i tie portion with which the bucWing member 
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is in contact, however the surface area of the diaphragm 
is wide. For example, when the diaphragm Is formed into 
a rectangular plate shape, the portions In proximity to the 
rectangular corners will never displace and therefore will 
not contribute to the volumetric variation of the Inkcham- 
ber. In contrast to this, when the diaphragm is formed 
into a generally disc shape, the entire surface of the dia- 
phragm contributes to the volumetric variation of the ink 
chamber. Accordingly, as described above, the volumet- 
ric variation of the ink chamber becomes large for the 
small surface area of the diaphragm. As a result of this, 
the discharge force and discharge rate become large for 
the small surface area of the diaphragm. Conversely, 
when the discharge force of ink is larger than necessary, 
the ink jet head may be miniaturized by reducing the 
diameter of the diaphragm. 

In the ink jet head of one embodiment, at least part 
of thediaphragm other than the peripheral portion is cou- 
pled to the buckling member. With such an arrangement, 
when the buckling member is going to restore to the orig- 
inal position after a heating period and upon the entrance 
Into a cooling period, the diaphragm undergoes a tensile 
force from the bucWing member in addition to its own 
restoring force. As a result of this, the diaphragm restores 
to the original position faster. Accordingly, the response 
characteristic of the pressure generating member is 
improved so that high-speed printing is enabled. 

In the ink jet head of one embodiment, the center 
portion of the diaphragm is coupled to the center portion 
of the buckling member. With such an arrangement, a 
portion (center portion) that has been displaced to the 
most extent out of the diaphragm during a heating period 
is pulled by a portion (center portion) that restores fastest 
out of the bucWing member upon the entrance into a cool- 
ing period. As a result, the diaphragm restores to the 
original position even faster. Accordingly, the response 
characteristic of the pressure generating member is 
improved so that high-speed printing is enabled. 

In the Inkjet head of one embodiment, a clearance 
is provkied between an intermediate portion between the 
peripheral portion and the center portion coupled to the 
buckling member out of the diaphragm, and the buckling 
member. Therefore, it becomes possible to rapidly cool 
the bucWing member by circulating the refrigerant such 
as inkthrough the clearance between the diaphragm and 
the buckling member, on the rear slds of the diaphragm. 
As a resM, an even better response characteristic Is 
obtained so that high-speed printing is enabled. 

In the ink jet head of one embodiment, a clearance 
Is provided between a portion of the buckling member 
inner than its peripheral portion out of the pressure gen- 
erating member, and the substrate. Therefore, it 
becomes possible to rapidly cool tiie buckling member 
and the heater layer by circulating the refrigerant such 
as inkthrough the clearance between the buckling mem- 
ber and the substrate, on the rear side of the diaphragm. 
As a result, an even better response characteristic is 
obtained so tiiat high-speed printing is enabled. 



In tiie Inkjet head of one embodiment, tiie distance 
between the substrate and the aforementioned portion 
of the pressure generating member is set to vdtiiln a 
range of 0.05 M,m to 2.0 pm. Such an arrangement allows 
5 the clearance between the substrate and the pressure 
generating member to be easily formed, and also allows 
tiie response characteristic of the pressure generating 
member to be maintained good. That Is. if tiie distance 
of the clearance is 0.05 ij;rh or more, the clearance can 
10 be formed by stacking tiie material of a sacrrflce layer (a 
layer for processing) and that of the pressure generating 
member on the sut«trate one by one, and by removing 
the sacrifice layer with an etchant In contrast to this, if 
the distance of the clearance is less than 0.05 pm. then 
IB It is difficult to penetrate tiie etchant through the clear- 
ance and therefore difficult to form the clearance. Fur- 
tiier. if tiie Interval of the clearance is 2.0 p,m or less, heat 
of the pressure generating member, especially of the 
bucWing member and the heater layer, can be dis- 
20 charged rapidly out of tii e ink chamber through the sub- 
strate during a cooling period. Accordingly, the response 
characteristic of the pressure generating member can be 
maintained good. In contrast, if the distance of tiie clear- 
ance exceeds 2.0 jxm, then the heat radiation passing 
25 tiirough the substrate becomes a small one, so that tiie 
response characteristic of the pressure generating mem- 
ber deteriorates noticeably. 

In the Inkjet head of one embodiment, a slit Is pro- 
vided at a portion of the pressure generating member 
30 inner than the peripheral portion of the bucWing member, 
so as to be bored through from the surface opposite to 
the substrate to the diaphragm side surface of the buck- 
ling member. Therefore, the buckling member can be 
rapidly cooled by circulating the refrigerant such as ink 
35 through the slit on the rear side of the diaphragm. In par- 
ticular, when clearances are provided between tiie dia- 
• phragm and the buckling member and between the 
substrate and the pressure generating member, these 
clearances communicate wrtii each other through the silt 
40 so that the cooling effect is enhanced. As a result, the 
response characteristic Is further improved so tiiat high- 
speed printing is enabled. 

In tiie Inkjet head of one embodiment, a plurality of 
slits as described above are provided, and it is arranged 
45 that a strip-shaped portion of the buckling member sand- 
wiched by the slits will be bucWed. In this arrangement, 
for example, by attaching the entire peripheral portion of 
tiie buckling member to the substrate, tfiermal stress of 
the buckling portion due to repeated heating and cooling 
50 can be received by the entire peripheral portion. That is, 
the thermal stress of the strip-shaped portion sand- 
wiched by the slits is generated outward one way in a 
direction in which the strip-shaped portion extends. This 
unidirectional outward force is applied to particular por- 
55 tions of the peripheral portion, but is received also by por- 
tions adjacent to the particular portions out of the 
peripheral portion. Accordingly, thetiiermal stress of the 
bucWing portion is not applied only to particular portions, 
but relaxed and received by tiie entire peripheral portion. 
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As a result, the place where the substrate and the buck- 
ling member are frtted to each other becomes less sub- 
ject to damage, so that the Inkjet head is prolonged in 
ite service IHe. 

In the Inkjet head of one embodiment, the substrate 
is provided with a refrigerant circulation hole which is 
bored through the substrate and which confronts a por- 
tion of the pressure generating member inner than the 
peripheral portion of the buckling member. Such an 
arrangement allows the refrigerant such as ink to be fed 
from one side of the substrate opposite to the side on 
which the pressure generating member is provided 
(hereinafter, refen-ed to as "rear side") to the other side 
of the substrate on which the pressure generating mem- 
ber is provided (hereinafter, referred to as "^front ade"), 
through the refrigerant circulation hole. The fed refriger- 
ant circulates between the front and rear sides of the sub- 
strate as the pressure generating member is displaced 
and restored by heating and cooling. Accordingly, it 
becomes possible to rapidly cool the pressure generat- 
ing member. This fact is particularly significant when the 
* ink is prevented from going around to the rear side of the 
diaphragm by the diaphragm being provided. Also, when 
a clearance is provided between the diaphragm and the 
bucWing member or between the subsfrate and the pres- 
sure generating member, or when sBts bored through 
from the surface opposite to the subsfrate to the dia- 
phragm-side surface of the bucWing member are pro- 
vided at portions of the pressure generating member 
inner than the peripheral portion of the bucWing member, 
the refrigerant circulates through the clearances or slits 
so that the cooling effect can be enhanced. As a result, 
an even better response characteristic is obtained so that 
high-speed printing is enabled. 

In the ink jet head of one embodiment, the refrigerant 
circulation hole Is so arranged that its size gradually 
decreases from the rear side toward the front side of the 
substrate. \Afith such an arrangement, the opposing area 
between the pressure generating member and the sub- 
sfrate surface is less reduced as compared to when the 
J refrigerant circulation hole is not provided. Accordingly, 
after a heating period and upon the entrance into a cool- 
ing period, heat of the pressure generating member, 
especially heat of the buckling member, is discharged 
rapidly out of the ink chamber through the substrate. As 
a result the cooling rate of the pressure generating 
member is maintained high, so that the response char- 
acteristic is maintained good. 

in the ink jet head of one embodiment, a refrigerant 
reservoir communicating witii tiie refrigerant circulation 
hole is formed on the rear side of tiie substrate. Such an 
arrangement allows the refrigerant such as ink to be fed 
to the front side of the subsfrate from the refrigerant res- 
ervoir through the refrigerant circulation hole. 

Also, tiiere is provided a method for fabricating an 
ink jet head which comprises: an ink chamber including 
as part of its peripheral wall a nozzle plate having a noz- 
zle opening, and a subsfrate oppos d to.the nozzle plate; 
and a pressure generating member provided in the ink 



chamber and opposed to tiie nozzle plate, wherein the 
pressure generating member comprises a plate-shaped 
bucWing member, a heater layer provided on one side of 
. frie bucWing member on which tiie substrate is provided, 
5 and a diaphragm provided on one side of tiie bucWing 
member on which the nozzle plate is provided, the 
method comprising the steps of: forming a first sacrifice 
layer having a pattern occupying a specified closed area 
on a surface of the substrate; forming a first insulating 
to layer composed of a material that can be etched selec- 
tively with tiie first sacrifice layer in such a manner that 
the first insulating layer covers the first sacrifice layer: 
forming on the first insulating layer a heater layer having 
a pattern passing through an area occupied by the first 
is sacrifice layer; forming a second insulating layer com- 
posed of a material that can be etched selectively witii 
the first sacrifice layer In such a manner tiiat the second 
insulating layer covers the above-formed layers; forming 
slits along both sides of tiie pattern of \he heater layer in 
20 such a manner that tiie slits extend from a front surface 
of the second insulating layer to a front surface of the first 
sacrifice layer; burying interiors of the slits by applying 
resist onto the subsfrate and by perforating photolithog- 
raphy, and forming a resist wall tiiat profrudes from the 
25 front surface of tine second insulating layer by a specified 
height witii its width kept equal to that of tiie slits; forming 
on the second insulating layer a first metal layer for con- 
stituting the bucWing member, by a plating process into 
a specified thickness which does not exceed the height 
30 of the resist wall; forming a second sacrifice layer com- 
posed of a material that can be etched selectively with 
tiie first metal layer, on a closed area generally con-e- 
sponding to frie first sacrifice layer in such a manner that 
tiie second sacrifice layer covers a specified portion of a 
35 front surface of the first metal layer as well as tie slits; 
forming a second metal layer serving for constituting the 
diaphragm and composed of a material that can be 
etched selectively witii tfie second sacrifice layer, all over 
so tiiat thesecond metal layer covers tiie above-formed 
40 layers on the surface of the subsfrate; boring a hole 
reaching the first sacrifice layer on tiie front surface side 
of the substrate by performing etching from a rear sur- 
face side of the subsfrate, etching and tiiereby removing 
tiae f iret sacrifice layer tinrough the hole selectively witii 
45 tiie first and second insulating layers, and subsequentiy 
removing the resist wall, and further etching and thereby 
removing the second sacrifice layer tiirough the slits gen- 
erated by removing the resist wall selectively witii tiief irst 
and second metal layers; and forming ttie diaphragm 
so having a specified configuration by patterning tiie sec- 
ond metal layer. 

According to tiie above method for fabricating tiie 
Inkjet head, since the pressure generating member can 
be fabricated by semiconductor integrating processes. 
55 tiie Inkjet head can be fabricated Into small size. Furtiier. 
two clearances, i.e., one clearance between the sub- 
strate and the pressure generating member and the 
otiier clearance between the bucWing member and tiie 
diaphragm In the pressure generating m mber. can be 
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collectively fabricated by etching and removing continu- 
ously the first sacrifice layer and the second sacrifice 
layer. Accordingly, the fabrication processes can be sim- 
plified. Yet. the two clearances are formed in response 
to the thicknesses of the first sacrifice layer arid the sec- 5 
ond sacrifice layer, respectively, so that the sizes of the 
clearances are set with high accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

The present Invention will become more fully under- 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way 
of illustration only, and thus are not limitative of the 
present invention, and wherein: is 

Rg. 1 Is a sectional view showing an overall con- 
struction of an ink jet head of the present invention; 
Rg. 2 Is a view for explaining operation of the Inkjet 
head; 20 
Rg. 3 is a perspective view showing the Inkjet head 
in an exploded state; 

Fig. 4 is an exploded perspective view showing in 
detail a buckling member and a heater layer on its 
rear side and others in Fig. 3; 2s 
Fig. 5 is a view showing main part of the ink jet head; 
Rg. 6 is a view schematically showing a construction 
of an apparatus used for simulations of heat radia- 
tion characteristics; 

Figs. 7A and 7B are a diagram showing a drive wave- so 
form for driving tiie bucWing member with drive con- 
ditions 1. and a chart showing time variation of 
displacement AZ and increased temperature AT of 
a center portion of the buckling member, respec- 
tively; 35 
Rgs. 8A and 8B are charts showing the dependency 
of response speed on an interval A between a sur- 
face protective film of the substrate and a first insu- 
lating film, and the dependency of response speed 
on the thickness B of tiie first insulating film; 40 
Rgs. 9A and 9B are a chart showing the depend- 
ency of response speed on a thickness C of tiie sec- 
ond insulating film, and the dependency of response 
speed on a clearance D between the buckling mem- 
ber and a diaphragm; 45 
Rg. 10 is a plan view schematically showing con- 
struction of a model used for fluid analysis simula- 
tions; 

Fig. 11 is a schematic sectional view taken along a 
line 11 -11 of Rg. 10; 50 
Rgs. 12A, 12B, and 12C are views showing the 
dependency of ink discharge velocity on the length 
F, width Q. and depth H of an Ink feed passage, 
respectively; 

Rg. 13A is a diagram showing tiie drive waveform 55 
for driving tiie bucking member with drive conditions 
2, and Rg. 13B is a chart showing the time variation 
of displacement AZ and increased temperature AT 
of the center portion of the buckling member; 



Rg. 14 is a chart showing the dependency of dis- 
charge velocity V on power consumption per unit vol- 
ume W of the buckling member; 
Rgs. ISA, 16A, 17A, 18A. 19A. 20, 21A. 23A, 24A. 
25A, 26A, 27A, 28A. 30A, and 31A are process 
views for explaining a metiiod of fabricating an Ink 
jet head which is an embodiment of the present 
invention, in oon^espondence to a cross section 
along tiie line Xi - Xi of Rg. 3; 
Rgs. 15B, 16B, 17B, IBB, 19B. 21 B, 22, 23B, 24B. 
25B, 26B, 27B, 28B. 29, 30B, and 31 B are process 
views for explaining the method of fabricating an ink 
jet head which Is an embodiment of the present 
Invention, In con^espondence to a cross section 
along the line Yi - Yi of Rg. 3; and 
Rg. 32 is a sectional view showing the coristruction 
of the conventional Inkjet head. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The Inkjet head of the present invention and its fab- 
ricating metiiod are described in more detail hereinbelow 
by embodiments thereof. 

Rg. 1 shows an overall construction of an Ink jet 
head 90 whjch Is an embodiment. This Inkjet head 90 
has a substrate 7 including a surface protective film 6. 
On the front surface side of the substrate 7, provided are 
a first insulating film 2 as a first insulating layer, a heater 
layer 3. a second insulating film 4 as a second insulating 
layer, a buckling member 1. and a diaphragm 5, one by 
one. The first insulating film 2. ttie heater layer 3. the sec- 
ond insulating film 4, the buckling member 1 , and the dia- 
phragm 5 constitute a pressure generating member 20. 
Also on the front surface side or the substrate 7, a nozzle 
plate 10 is mounted so as to be opposed to the dia- 
phragm 5 via a spacer 8. Electrode pads 13a. 13b are 
provided on both sides of tiie buckling member 1 . Mean- 
while, on the rear surface side of the substrate 7, a hous- 
ing 9 is provided and a refrigerant reservoir 34 is formed 
by the housing 9 on the rear surface side of the substrate 
7. 

Rg. 3 shows the Inkjet head in an exploded state 
as viewed obliquely. Rg. 4 shows the buckling member 
1 as well as the first insulating film 2, tiie heater layer 3. 
and the second insulating film 4 present In the rear of the 
buckling member 1 (omitted in Rg. 3). Although the sub- 
strate 7, tiie buckling member 1 , and the first insulating 
film 2 and second insulating film 4 are represented each 
in a rectangular form in Figs. 3 and 4. they may actually 
be extended peripherally (except the areas of tiie elec- 
trode pads 13a, 13b). 

As shown in Rg. 3. the substrate 7 Is formed of a 
silicon (Si) plate having a silicon oxide film, which is 
formed by thermal oxidation in this case, as the surface 
protective film 6, The thermal conductivity of tiie sub- 
strate 7 is around 70 W • m*** ■ K*\Thefilmthickness 
of tiie surface protective film 6 is desirably thicker to 
ensure tiie insulating property, but desirably thinner for 
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thermal conduction. As a conclusion, *ef.lm *.d^^ 
olCurfaceprotectivefilm6issety*«hinarange^^^^^^ 
tolSmArefr^erant circulation hoie16is bored gener- 

X rtf.e center of the substrate 7. The refrige^ «r. 
Son hole 1 6 is a hole bored through the substrate 7 
^nd having a rectangular cross section where *e 
dilnsTons of the sides of the rectangular shape of the 
Sr^t circulation hole 16(dimensions .ncn«s8ec. 

Ln„\ «« so set as to gradually decrease fronr> the rear 
;:lrr«.e froi Side of the substrate 7. This se«ng ,s 
Tnded to n^mmize the 1^ of the area^ h the 
pressure generaBng mernber 20 is. or especially ine 
buS member 1 and the heater layer 3 are. opposed 
?o «?r?rort surface of the substrate 7. In this way the 
SisufeSeniatingmemberaOandthesub*^^^ 



fwhose thickness is assumed to be "tO such ^nickel 
Kre de^l. the buoWing member 1 is formed into a 
jTrayefSu^tureln which 0.01 '^''^if^S on^e 
ksmall linear coefficient of expansion is disposed on the 
St^7sidewhile6,mthickni*elv^ala^^^^ 

coefficient of expansion is disposed on the nof"® P«!® 
iSr-lnJerthatthebucWlngmember L whenbuck- 
Ing Sue to thermal expansion, will be deformed toward 

"^tltllaCfnm 2 and the second insulating 
fi,mI^Rr!)^e"^=ci;ofaninsulating.materl^ 
^S^n o5di or alumina. The first insulating film 2and 
fhe^^nd insulating film 4 present the current f^g 
h^uSTthe heater layers from leaking into the substrate 

. ^^*',r.r^ 4iim 2 and the second insulatng trim 4 nave 
;^ 'S5 sli"40 bored through their rectengu^ 
Sne^Te four site 40 are arranged so as to be sepa- 
S^om one another with the bent porton of the L 
SSeSTthe certer. As a result, cross-shaped Portions 
?r Tand la are formed in center portions of the f^t 
fiuSnTfilm 2. the second insulating film 4. and the 
insulating tnm.1. , , particular, terminal 

^nS^XsSLes?b^.^i 
sSapS portion 1a of the bucWing member 1 are sup- 
S!KivaDeripheral portion icofthebucMingmember 
rsSeJCSfngmemberl is actually bucWed when 

he Jde lines 1b of the cross-shaped porton 1a are 
hitSlnthis shape of 1hebucklingmen*erl.wrth the 

S^eral Dortion 1 c provided on the substrate 7 over its 
Se dSp^S therSial stress of the bucWing portions 
SS-ted heating -"d -ling P-ess^^n 
be received by the whole peripheral portion 1c. Tha^. 

dS direction. This thermal stress applies to places 



adjoining tothesidelineslbof^eperjherajpor^^^^^ 
Im moreover to portions of the peripheral portion ic 
SiiStSJe^^Ees. Therefore. *em.a^f^,^, 
the side lines 1b of the cross-shaped portion la can be 
r^fa^iaiireoelved by the whole peripheral portionlc. 

' Sh^plS where *e substrate 7 and *ebucWi^^ 
mpiiJ l a^e f itted to each other is subject to less dam- 
age s^tir^^fervice m of the ink jet head can be 

,0 ""^"meteaterlayerS te made from, for example nickel 
or nSl chromium aitoy 

heater layers has strip-shaped electrodeportions 3c 3c 
Smg in parallel around Ihefirst and sewnd insu a^^ 
S Wms 2. 4; a circular portion 3a sand«tehed by ti« 
t5 J2*rirtions (crossing portions of the side lines lb) of 
SrS£Sedportions2a.4aofthefirstandsecond 

SrglTs 2. 4; and a strip-^aped re^^-oe Por^ 

tion 3b which is sandwiched by the side °f *e 

aoss-shaped portions 2a. 4a of *«J,'^^^"f 
20 . insulating films 2.4and which is meanderedj^U^ape 

to connect the electrode portions 3c. 3c and tiie wcul^ 
portion 3a witi. each other. The electrode pads 13a 13b 
Sde of the same layer as tine buckling member 1 are 
SfneSrontotheiectrodeportio^^^^^^^^ 

2s above. sincethebucWing member 1 

3. Which constitute the pressure gene Jhr^m«nb^ 2^^ 
«e orovided by independent layers, the heater layw 3 
SiKmedinto a narrow pattern irrespectively of Je 
Sape of the bucWing member 1 . Therefore, the ar^urrt 
so SKS<»lenerglzatlonrequiredfornecessaryquant.Jr 
ofSSlerationcanbereducedsothatthepowercon- 

^"'"Kolirrs^hediaph^msjsmade^^ 
elastic material such as nickel and fonned irto a gen«^- 
35 any disc shape (with diameter E). Thanks to this dia 
^C5Jnk^5Vesentinaclearance31be^^^^^^^ 
no^eolate 10 and the pressure generating member 20 
::Soit Fig. 1 can be pr«,emed from going a^^^^ 
to the rear side of the pressure generating n^emb«^ 20 

« IZ an operation. Accordingly, the 

andtfechargevelocityof inkcanbeinoreasedand. asa 

Sui practical operating *aract^"=^cs can be 
Sed m particular, since this diaphragm 5 is formed 

?ra generally disc shape, the ^^^^j^' ^^jTj. 
« Link Chamber (Clearance) 31fel^gefor a sm^^^ . 

face area of the diaphragm 5. This is because, r^^^ 
Srae^e irface of the diaphragm is. the portion 
Sat is dfeSiced witii a push by the buckling member 1 
S W«i to me circular area about the place with which 
so ?iS^Sing member 1 makes ^^^^^^^'^^^^Z 
discharoe fbrce and discharge velocity of ink can be 
SSgeforthesmallsurfaceareaofthediaphragmS 

?S s^cer 8 fe made of an insulating «lm rmter^ 
such^Syimide or acrylic photosensitive adhesives 
55 raJngas'Jedfiedthickness.ThisspacerShasa*^^^^^^ 
hdl 8a drilled into a circular shape in order to form tt^e 
StarSce sTin which ink should be f ttled between the 
dSragm 5 and the nozzle plate ^O-.f ^-J^^^^^f,^"', 
into the clearance 31. provided .s an ink feed passage 
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plate 10. By this injection of the ink droplet 15a, the 
print surlace provideci opposite to the nozzle plate 
10 Is performed is printed. 

It is noted that while the bucWing member 1 and 
the diaphragm 5 are displaced toward the nozzle s 
plate 10, the ink 15 that has been present in the 
refrigerant reservoir 34 flows into the clearance 32 
between the substrate 7 and the first insulating film 
2 through the refrigerant circulation hole 1 6. and fur- • 
ther flows into the clearance 33 between the buck- io 
ling member 1 and the diaphragm 5 through the slits 
40. 

(3) Subsequently, the switch 52 is returned to the 
ground side, whereby the heater layer is stopped 
from being energized (cooling period). Then, the is 
bucWing member 1 is cooled, going to restore to the 
original no-displacement state together with the 
heater layer 3. When the buckling member 1 is going 
to restore to the original position, the diaphragm 5 
undergoes a tensile force from the bucWing member 20 
1 in addition to the restoring force of Its own. In par- 
ticular, since the center portion 5a of the diaphragm 
5 is coupled to the center portion la of the buckling 
member 1 . tiie portion of tiie diaphragm 5 that has 
been displaced most in tiie heating period, or the 2s 
center portion 5a, is tensed by tiie portion of the 
buckling member 1 that restores fastest, or the 
center portion 1 a. As a result, the diaphragm 5 fast 
restores to the original position. Thus, the pressure 
generating member 20 restores to the original posi- 30 
Won as a whole (standby state). Such heating period 
and cooling period are repeated, whereby the pres- 
sure generating member 20 is repeatedly displaced 
and restored. 

In this connection, the refrigerant that flowed 3S 
into tiie clearances 32, 33 and slits 40 through tiie 
refrigerant circulation hole 16 in tiie step (2) circu- 
lates between the rear and front sides of the sub- 
strate 7 as the pressure generating member 20 Is 
displaced and restored by heating and cooling. The 40 
refrigerant tiius contributes to the discharge of heat 
Yet. the present Inkjet head 90 has tiie substrate 7 
present on the rear side of the pressure generating 
member 20. The thermal conductivity of the sub- 
strate 7 is about 70 W • m'"* • greater than 4S 
that of the ink 15 by two orders or more. Therefore, 
after the heating period and upon an entrance into 
the cooling period, the heat of tiie buckling member 
1 and the heater layer 3 is discharged rapidly out of 
the ink chamber through the substrate 7 (including so 
the surfece protective film 6). Accordingly, the pres- 
sure generating member 20, particularly tiie buck- 
ling member 1 and tiie heater layer 3 can be rapidly 
cooled. As a result of this, a better response char- 
acteristic Is obtained so that fast printing is enabled, ss 

Next described is the results of examining the per- 
formance of the Inkjet head 90 by simulations. 
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(1) Rrst, with this Inkjet head 90, a simulation on ttie 
displacement and increased temperature of the 
center portion 5a of th diaphragm 5 was performed. 

Fig. 6 outlines tiie construction of the device 
used In tills simulation. In this device, a portion 91 
pertinent to tiiermal response characteristics of the 
Inkjet head 90 is accommodated In a container 99 
for defining the boundary conditions in this simula- 
tion. The dimensions of the container 99 are set 
larger tiian the outer dimensions of the portion 91 
pertinent to the thermal response characteristics by 
the degree of 20 \m each. As the configuration of 
the portion 91 pertinent to the thermal response 
characteristics, which configuration serves as the 
reference for setting the dimensions of the container 
99, based on the fact that tiie buckling member 1 
deforms 9 jim toward tiie nozzle plate 10 for a 100 
degree temperature increase of the buckling mem- 
ber 1 , such a configuration was adopted that the 
center portion la of tiie buckling member 1 
deformed the average of 4.5 \Lm. K Is noted tiiat the 
temperature increase was set to 100 degrees 
because In another energy calculation tiie energy 
required to discharge tiie ink droplet was set to ten 
times larger the sum of "kinetic energy + surface 
energy" of the Ink droplet. With the interior of tiie 
container 99 filled witii tiie ink 15, tiie simulation was 
performed on the assumption that the inner surface 
of tiie container 99 and the rear side of the substrate 
7 would be maintained at 0*C. In Rg. 6. the anrows 
directed from the heater layer 3 toward the rear side 
of the substrate 7 show principal discharge paths of 
heat. 

Fig. 5 illustrates tiie way of setting parameters 
for the portion 91 pertinent to the thermal response 
characteristics in this simulation. Reference charac- 
ter A denotes tiie size of tiie clearance 32. or the 
Interval between tiie surface protective film 6 of tiie 
substrate 7 and tiie first insulating film 2. B denotes 
tiie tiilckness of the first insulating film 2, and C 
denotes the thickness of the second insulating film 
4. Further. D denotes the size of tiie clearance 33, 
or tiie interval between the buckling member 1 and 
the diaphragm 5. 

Also, the length L of the side lines lb of the buck- 
ling member 1 (not including the central crossed por- 
tion out of the cross-shaped portion 1 a) as shown In 
Rg. 4 was set to 250 jwn. The widtii W of tiie buckling 
member 1 was set to 92 ]un and Its thickness T was 
set to 5 |im. Further, altiiough tiie number of side 
lines lb of tiie buckling member 1 (number of side 
lines of the bucWing portion) was four In Rg. 4, tiiis 
simulation was performed on the assumption that 
eight of the side lines were present in a radial con- 
figuration. Also, the diameter E of tiie diaphragm 
was set to 800 jun, and the thickness of tiie heater 
layer 3 was set to 0.1 jim. 
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fi) First, the parameter A was set to 0.5 p.m. B 
was 0.5 \m, 0 was 0.5 fun. ard D was 0.5 jun. 

Also, as the drive conditions, the bucWing 
member 1 was set as follows (drive conditions 
1): ' 

• energy consumption per unit volume to 
7.6x108 J/m3; 

• power consumption per unit volume to 
4x1013 W/m3; and 

pulse width to 19 |Jis. 

Fig. 7A shows the drive waveform corre- 
sponding to the drive conditions 1. Rg. 7B 
charts the displacement AZ and increased tern- is 
perature AT of the center portion 1 a of the bucl<- 
ling member 1 versus elapsed time, obtained by 
simulated calculation with the drive conditions 
1. Rg. 7B also charts time transition of 
increased time AT,NK of the lnl< present on the 20 
surface of the diaphragm 5 in addition. Calcu- 
lating the response speed from the increased 
temperature curve AT of the buckling member 
1 yields a leading-edge response speed (tr) of 
19 jis and a traiiing-edge response speed (td) 2s 
of 101 ps. Therefore, it can be understood that 
the drive with a drive frequency of 8.3 kHz is 
possible. 

The reason why the drive frequency can be 
made so high as above is that the traiiing-edge 30 
response speed (td) is relatively high. That is, 
the heat of tiie buckling member 1 and the 
heater layer 3 is fast discharged outside after 
conducted by the ink 15 that is passed through 
the refrigerant circulation hole 1 6 and then goes 3S 
in and out between the clearance 32 and the 
rear side of the substrate 7. and further con- 
ducted by the substrate 7 having the surface 
protective f ilm 6. Also, the substrate 7 having a 
high thermal conductivity is located in proximity 40 
to the buckling member 1. This arrangement 
allows a high traiiing-edge response speed (td) 
and a high drive frequency, 
(ii) Next, under the same drive conditions 1 , the 
parameter A was changed from 0,1 to 2.0 jun 46 
while the parameter B was held at 0.5 jxm. C at 
0.5 pin. and D at 0.5 jun. 

Fig. 8A shows a variation of the response 
speed that occurred in this case. The leading- 
edge response speed (tr) becomes slightly so 
higher with increasing A. Meanwhile, the traii- 
ing-edge response speed (td) becomes mark- 
edly lower with increasing A. As can be 
understood from Fig. 8A. drive at a drive fre- 
quency of 5.5 kHz is possible when A is 2 pm ss 
or less. Drive at a drive frequency of 6.8 kHz is 
possible when A is 1 pjm or less. 

This parameter A, or the distance of the 
clearance 32, is actually set to within a range off 



0.05 pm to 2.0 |im. The reason of tills is that if 
the distance of the clearance 32 is 0.05 p.m or 
more, the clearance 32 can be easily formed, 
as described later, through steps of laminating 
the materials of a sacrifice layer (a layer for 
processing) and the pressure generating mem- 
ber 20 one by one on ttie substrate 7 and then 
removing the sacrifice layer with an etchant In 
contrast to this, if the distance of the clearance 
32 is less than 0.05 ^m, tiie etchant could not 
be easily penetrated therethrough so that tiie 
clearance 32 becomes difficult to form. Also, if 
the distance of the clearance 32 is over 2.0 p^. 
the heat radiation effect through the substrate 7 
is reduced so that the response characteristic 
of the pressure generating merrber 20 cannot 
be improved. 

(iii) Next, under tiie same drive conditions 1 . the 
parameter B was changed from 0.1 to 1.0 p,m 
' while the parameter A was held at 0.5 pin, C at 
0.5iim.andDat0.5 \m. 

Rg. 8B shows a variation of the response 
speed that occurred In this case. The leading- 
edge response speed (tr) becomes slightly 
higher witii increasing the parameter B. Mean- 
while, the traiiing-edge response speed (td) 
becomes markedly lower with increasing tiie 
parameter B. As can be understood from Rg. 
SB, drive at a drive frequency of 7.6 kHz is pos- 
sible when B is 1 jtm or less. Drive at a drive 
frequency of 8,3 kHz is possible when B is 0.5 
p,m or less. In addition, the parameter B. or the 
thickness of the first insulating film 2, may also 
be actually set to 0.1 pm or less, 
(iv) Next, under the same drive conditions 1 . tiie 
parameter C was changed from 0.1 to 1.0 p,m 
while tiie parameter A was heW at 0.5 p.m. B at 
0.5 \m, and D at 0.5 p,m. 

Rg. 9A shows a variation of the response 
speed-that occun-ed in tiiis case. The leading- 
edge response speed (tr) becomes slightiy 
lower with increasing C. Meanwhile, tirie traiiing- 
edge response speed (td) becomes also slightiy 
lower witii increasing C. As can be understood 
from Rg. 9A, drive at a drive frequency of 8 kHz 
is possible when C is 1 p-m or less. Drive at a 
drive frequency of 8.3 kHz is possible when C 
is 0.5 jun or less. In addition, the parameter C. 
or the thickness of tiie second insulating film 4. 
may also be actually set to 0.1 \m or less, 
(v) Next, under tiie same drive conditions 1 . tiie 
parameter D was changed from 0.1 to 2.0 p,m 
while the parameter A was held at 0.5 p.m. B at 
0.5 p.m, and Cat 0.5 jim. 

Fig. 9B shows a variation of tine response 
speed that occurred in this case. The leading- 
edge response speed (tr) becomes higher witii 
increasing D. Meanwhile, the traiiing-edge 
response speed (td) becomes markedly higher 
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with increasing D. As can be understood from 
Fig. 9B, drive at a drive frequency of 6.7 kHz is 
possible when D is 0.1 jim. Drive at a drive fre- 
quency of 8.3 kHz is possible when D is 0.5 \ur\. 
In particular, drive at a drive frequency of 1 0 kHz s 
is possible when D is 1.0 \im or more. In add!* 
tion. the parameter D. or the distance of the 
clearance 33 between the buckling member 1 
and the diaphragm 5, may also be actually set 
to 1.0 ixm or more, as described later. 70 

(2) Next, the discharge velocity V of ink droplets of 
the ink jet head 90 was examined. 

The discharge velocity V of ink droplets can be 
calculated by a simulation with fluid analysis. Rg. 10 is 
is a plan view showing the ink jet head 90 as it is 
modeled for fluid analysis. Rg. 1 1 shows a cross 
section taken along the line 11-11 and viewed along 
the arrows in Fig. 1 0. it is noted that the nozzle plate 
is omitted for convenience in Fig. 10, and only the 20 
diaphragm 5 out of the pressure generating member 
20 Is shown In Rg. 11. 

In this simulation with fluid analysis, a fluid 15b 
present on the surface of the diaphragm 5 was given 
a moving velocity Vq, and a so-called wall-drive 25 
model for analyzing the movement of fluid within the 
ink chamber 31 was used. In this wall-drive model, 
the diaphragm 5 is first displaced at a velocity of Vq. 
A pressure thereby developed to the surface of the 
diaphragm 5 propagates in the fluid 15 toward the 30 
nozzle plate 10. By this propagation of pressure, it 
Is assumed that the ink droplet 15a is discharged 
from the nozzle orifice 1 1 at a velocity V. It is noted 
that part of the pressure propagates through the ink 
feed passage 14 and the refrigerant feed passage 3S 
35 shown in Rg. 1 toward the refrigerant reservoir 
34. 

With the length F, wkith G. depth H of the ink 
feed passage changed as parameters, the dis- 
charge velocity V was calculated. The drive condi- 4o 
tions 1 in the step (1) were adopted as the drive 
conditions for this calculation. The parameters as 
shown in Fig. 5 were so set that A was 0.5 pun, B 
was 0.5 Jim, C was 0.5 \um, and D was 0.5 fun. 

Fig. 12A shows a variation of the discharge 4S 
velocity V when the parameter F was changed from 
200 [un to 1000 |xm while Q was set at 40 [im and 
H at 30 |i.m. The discharge velocity V becomes 
higher as the length F of the ink feed passage 14 
becomes longer. • so 

Fig. 12B shows a variation of the discharge 
velocity V when the parameter G was changed from 
30 junto 60 fim while F was set at 200 mjti and H at 
30 yum. The velocity V becomes lower as the width 
Q of the ink feed passage 1 4 becomes wider. ss 

Fig. 12c shows a variation of the discharge 
velocity V when the parameter H was changed from 
20 \im to 50 Jim while F was set at 200 jxm and Q at 
40 \Lm, The discharge velocity V becomes lower as 



the depth H of the Ink feed passage 14 becomes 
deeper. 

Consequently, the longer the length F of the ink 
feed passage 1 4 and the narrower the opening area 
(GxH), i.a. the higher the resistance that occurs 
when the ink 15 flows back along the ink feed pas- 
sage 14, the faster the ink discharge velocity V. In 
this connection, from the results of Rg. 12, it was 
found that if the length F of the ink feed passage 1 4 
is 200 \m or more and the opening area (GxH) is 
2000 [i.nl2 or less, then the Ink droplet 15a Is dis- 
charged at a velocity of 6.7 m/s or more. In particular, 
if the length F of the ink feed passage 14 is 1000 yum 
and the opening area (GxH) is 1200 jjunz, then the 
ink droplet 15a is discharged at a velocity of 15.6 
m/s or more. 

(3) By using again the device as shown in Fig. 6, a 
simulation on the displacement and increased tem- 
perature of the center portion 5a of the diaphragm 5 
was performed with the above Inkjet head 90. 

In the same way as in the simulation of (1) (i), 
the length L of the side lines 1 b of the buckling mem- 
ber 1 (not including the central crossed portion out 
of the cross-shaped portion 1a) as shown in Rg. 4 
was set to 250 jun. The width W of the buckling 
member 1 was set to 92 pxn and its thickness T was 
set to 5 yjm. Further, although the number of side 
lines lb of the buckling member 1 (number of side 
lines of the buckling portion) was four in Fig. 4, this 
simulation was performed on the assumption that 
eight of the side lines were present in a radial con- 
figuration. Also, the diameter E of the diaphragm 
was set to 800 p^. and the thickness of the heater 
layer 3 was set to 0. 1 jtm. 

Also, as for the parameters as shown in Fig. 5, 
A was set to 0.5 jim, B was 0.5 pjn, C was 0.5 |im, 
■ and D was 0.5 jtm. 

Further, as the drive conditions, the buckling 
member 1 was set as follows (drive conditions 2): 

energy consumption per unit volume to 7.6x1 oa 
J/m3; 

power consumption per unit volume to 8x10'' 3 
W/m3; and 

drive pulse width to 9.5 yis. 

These drive conditions 2 are such that the energy con- 
sumption per unit volume is the same, the power con- 
sumption Is double, and the pulse width is half relative to 
the drive conditions 1. 

Fig. 13A shows the drive waveform correspond- 
ing to tiie drive conditions 2. Fig. 13B charts the dis- 
placement AZ and increased temperature AT of the 
center portion 1a of the buckling member 1 versus 
elapsed time, obtained by simulated calculation with 
the drive conditions 2. Rg. l3Balso charts time tran- 
sition of increased time AT|js}k of the ink present on 
the surface of the diaphragm 5 in addition. Calculat- 
ing the response speed from the increased temper- 
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ature curve AT of the bucWing member 1 yields a 
leading-edge response speed (tr) of 9.5 jis and a 
trailing-edge response speed (td) of 101 us. There- 
fore, it can be understood that the drive with a drive 
frequency of 9.0 kHz is possible. Since these drive $ 
conditions 2 are shorter In pulse width and larger in 
power consumption than the drive conditions 1 , the 
moving velocity of the bucWing member 1 can be 
made even faster and moreover the drive frequency 
can be made even higher. ?o 
(4) Next, the discharge velocity V of the ink droplet 
of the ink jet head 90 under the drive conditions 2 
was calculated by using the model as shown in Figs. 
1 0 and 11 and by a simulation with fluid analysis. 

In the same way as in the simulation of (2). the is 
discharge velocity V was calculated with the length 
F. width Q. and depth H of the ink feed passage 
changed as parameters. Also, as for the parameters 
as shown in Rg. 5, parameter A was set to 0.5 lun, 
B to 0.5 ^im. C to 0.5 jim. and D to 0.5 ^un. 20 

From the results of this simulation, it was found 
that if the length F of the ink feed passage 1 4 is 200 
pun or more and the opening area (QxH) is 2000 )^ 
or less, then the ink droplet 15a is discharged at a 
velocity of 22.9 m/s or more. In particular, if the 2s 
length F of the ink feed passage 14 is 1000 |im and 
the opening area (GxH) is 1200 |un2. then the ink 
droplet 15a is discharged at a velocity of 31 .8 m/s or 
mora Like this, the discharge velocity of the ink 
droplet 1 5a was able to be improved to large extent 30 
by adopting the drive conditions 2. 

The reason why the discharge velocity V can be 
so improved as above is that the deformation veloc- 
ity of the bucWing member 1 becomes higher under 
the drive conditions 2 than under the drive conditions sff 
1. That is. in conparison between the drive condi- 
tions 2 and the drive conditions 1. the energy con-, 
sumption per unit volume of the buckling member 1 
is of the same value, but the drive pulse width is 
smaller and the power consumption is larger In the 40 
drive conditions 2 than in the drive conditions 1 . For 
this reason, the deformat'on velocity of the buckling 
member 1 becomes raster. As a result, the pressure 
to the ink 1 5b becomes larger so that the discharge 
velocity V of the ink droplet 1 5a can be improved. 45 

As seen above, in the drive conditions, if the 
energy consumption per unit volume of the buckling 
member 1 1s unchanged and the power consumption 
is. for example, doubled, i.e., the drive pulse width 
is halved, thenthedischarge velocity of the inkdrop- so 
let 15a can be made 1 .5 times faster. 
(5) Next, by using the model as shown in Figs. 10 
and 11 and by a simulation with fluid analysis, the 
discharge velocity V of the ink droplet of the ink jet 
head 90 was calculated with a wide range of change ss 
In the power consumption per unit volume of the 
buckling member 1 out of the drive conditions. 

As for the parameters as shown in Fig. 5, param- 
eter A was set to 0.5 ^Lm, B to 0.5 jmi, C to 0.5 ^tm. 



and D to 0.5 p,m. Also, for the ink feed passage 14 
as shown in Figs. 10 and 1 1 , its F w^ set to 200 
Jim. Q to 40 pjn. and H to 30 jim. 

Fi g. 1 4 shows the discharge velocity V of the ink 
droplet that occurred in this case. As seen from Fig. 
14, if the power consunption per unit volume W of 
the buckling member 1 is less than 3x10^3 W/m3, 
then the ink droplet is not discharged (or is dis- 
charged unstably). Howevo', if the power consump- 
tion W exceeds the threshold 3x10^3 W/m3 or so. 
then the ink droplet starts being discharged, where 
the discharge velocity V increases with increasing 
power consumption W, Accordingly, in view of the 
stafcMlity of discharge and the Increase in the dis- 
charge velodty. the power consumption per unit vol- 
ume W of the buckling menriber 1 1s desirably set to 
4x10^3 w/m3ornrK)re. 

Also, although the discharge velocity V can be 
increased by increasing the power consumption per 
unit volume W of the bucWing member 1 as 
described above, increasing the energy consump- 
tion more than necessary in order to increase the 
power consumption W would cause tine temperature 
of the bucWing member 1 to increase too high such 
that tiie bucWing member 1 would be deteriorated 
and shortened in life. Firom this point of view, the 
energy consumption per unit volume of the bucWing 
member 1 is desirably 4x109 j/m3 or less for each 
unit volume, and more dearaWy 7.6x108 J/m3 or 
less. 

In addition, the material of the bucWing member 
1 is not limited to nickel as described above. The 
material of the bucWing member 1 Is required only 
to be large in Young's modulus, large in linear coef- 
ficient of expansion, and easy to form a fOm. Also, 
the dimensions of tine bucWing portions lb of tine 
bucWing member 1 are not limited to lengtin L = 250 
(im, W « 92 Jim. and thickness T = 5 jum. Furtiner. 
the number of side lines of tine bucWing member 1 
is not limited to four or eight. The number of the buck- 
ling portions may also be two or six. Increasing tine 
number of bucWing portions in a radial configuration 
allows tine pressure to tine inkto be increased so that 
tine discharge velocity of ink droplets can be 
inproved. 

Furthermore, tine diameter E of the diaphragm 
is not limited to 800 jxm and the thickness of tine 
heater layer is not limited to 0.1 jun. They are 
required only to have such sizes as will not impair 
the degree of integration and as will permit neces- 
sary energy to be produced, and such dimensions 
as easy to fabricate. 

Also, the surface protective film 6 has been 
given by a silicon oxide film, but instead may be pro- 
vided by alumina. Alumina has a high thermal con- 
ductivity compared with tine silicon oxide film, so tiiat 
it can make tine cooling rate of the bucWing member 
1 higher and therefore furtiner improve the response 
* characteristic. 
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Also, the substrate 7. although provided by a sil- 
icon (Si) plate In this example, has only to be made 
of a material whose thennal conductivity is 70 
W • m* ■ K* or more. For example. It may be 
made of a glass plate. In such a case, the surface 5 
protective film 6 may be omitted. 

Also, the refrigerant to be fed to the refrigerant 
reservoir 34 is not limited to the Ink 15. The refriger- 
ant is required only to be a liquid or sol substance 
and have a thermal conductivity equal to or more 10 
than that of the ink 15. 

Further, the Inkjet head 90 has been described 
as one having only one nozzle orifice 11 fn this 
exampla However, actually, a plurality of nozzle ori- 
fices 1 1 and the pressure generating member 20 is 
opposed thereto may be an-anged on the nozzle 
plate 1 0 so that the inkdroplet 15a will be discharged 
through a plurality of places of the nozzle plate 10. 

Next described is the method of fabricating the Ink 20 
jet head 90. 

Figs. 15A. 15B. 16A. 16B 31 A, and 31 B show 

the processes of fabricating the pressure generating 
member 20, which is a main part of the Inkjet head 90, 
A group of Figs. 1 5A, 1 6A. 1 7A. 1 8A. 1 9A. 20, 21 A, 23A. 26 
24A. 25A, 26A, 27A. 30A, and 31 A, and another group 
of Rgs. 15B, 16B, 17B, 18B, 19B, 21B. 22. 23B. 24B, 
25B. 26B. 27B. 28B,29, SOB. and 31 B con-espond to the 
cross section taken along the line - Xi and that taken 
along the line Yi - Yi In Fig. 3. respectively. 30 

(I) First, as shown In Rg. ISA and 15B. silicon oxide 
films 6, 6 are formed on the front and rear surfaces 
of the substrate 7 of both orientations (100) to a 
specified thickness (e.g.. 1 p<m) by thermal oxidation. 35 
(IQ Next, as shown in Figs. 1 6A and 1 SB. photoresist 
(not shown) is applied to the rear surface side of the 
substrate 7, and photolithography is carried out so 
that a rectangular opening corresponding to the 
shape of the refrigerant circulation hole 1 6 (see Fig. 40 
3) is bored In the resist. Then, dry etching is carried 
out by using CHF3. whereby a rectangular opening 
6a is bored in the thermally oxidized fflm 6 on the 
rear surface side. Subsequently, the silicon sub- 
strate 7 is immersed in a potassium hydroxide solu- 4S 
tion, and the substrate 7 is wet-etched from rear 
surface to front surface side with the thermally oxi- 
dized film 6 used as a mask so that the refrigerant 
circulation hole 16 is fonned to a halfway The inner 
wall surface of the refrigerant circulation hole 16 so 
becomes a (111) plane with a low etching rata 
Thereafter, the resist is stripped off. It Is noted that 
the refrigerant circulation hole 16 Is formed halfway 
at this stage because only a slight amount of etching 
will be required to complete the refrigerant circula- ss 
tion hole 16 in later processes, 
(lii) Next, as shown in Figs. 17A and 1 7B. an alumi- 
num film 120 with a thickness of, for example, 0.5 
fim is formed as af irst sacrifice layer by, for example. 



sputtering on the thermally oxidized layer 6 on the 
front surface side of the substrate. Subsequently, 
photolithography and etching are carried out on the 
film so that the aluminum film 120 is processed into 
a pattern corresponding to the clearance 32 as 
shown In Rg. 1 . Depending on the thickness of the 
first sacrifice layer, the dimension of the clearance 
32 shown in Fig. 1 , or the interval A between the sur- 
face protective film 6 of the substrate 7 and the first 
Insulating film 2 shown in Fig. 5 is determined, 
(iv) Next, as shown In Figs. 18A and 18B, an silicon 
oxide fflm 2 with a thickness of. for example. 0.5 jxm 
is formed as a first insulating film on the first sacrifice 
layer by. for exanple. sputtering. Subsequently, on 
the silicon oxide film 2, a tantalum film with a thick- 
ness of. for example, 0.01 fim and a nickel film (not 
shown) with a thickness of, for example, 0. 1 ym are 
formed as the material of the heater layer 3 by, for 
example, sputtering. Thereafter, photolithography 
and etching are carried out so that the fantalum film 
and the nickel film are processed into a pattern. As 
a result, the heater layer 3 meandered in U-shape is 
fabricated on the first Insulating film 2. tt is noted that 
the fantalum film is formed with a view to increasing 
the adhesion between the silicon oxide film 2 and 
the nickel film. 

(v) Next, as shown in Figs. 19A and 19B, a silicon 
oxide film 4 with a thickness of. for example. 0.5 \im 
is formed as a second insulating film on the heater 
layer 3. Subsequently, as shown in Fig. 20. photoli- 
thography and etching are earned out so that an 
electrode lead-out hole 160 is formed in the silicon 
oxide film 4, 

(vi) Next, as shown in Figs. 21 A and 21 B. atantalum 
film with a thickness of, for example, 0.01 pm and a 
nickel film 170 with a thickness of, for example. 0.1 
|im are formed as part of the material (a first metal 
layer) of the buckling member 1 on the silicon oxide 
fflm 4 by, for example, sputtering. It is noted that the 
tantalum film is formed with a view to increasing the 
adhesion between the silicon oxide film 4 and the 
nickel film 170. 

(vii) Next, as shown in Rg. 22, photoresist 180 is 
applied on the nickel film 170. and openings con-e- 
sponding to the pattern of the slits 40 (see Fig. 4) to 
be formed.in the silicon oxide films 2, 4 are formed 
in the photoresist 1 80. Subsequently, etching is per- 
formed so that the slits 40 are fonned in the silicon 
oxide films 2. 4. 

(viii) Next, as shown in Rgs. 23A and 23B. photore- 
sist. 190 is applied on the photoresist 180 and pho- 
tolithography is carried out so that the photoresist 
190 is left in a configuration corresponding to the 
pattem of the slits 40. That Is, the photoresist 190 is 
shaped into such a configuration that the slits 40 of 
the silicon oxide films 2. 4 are buried and that the 
photoresist 190 is protruded upward from the sur- 
face of the silicon oxide film 4 with the same pattern 
width as the slits 40 to a spedfied height (a height 
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exceeding a nickel plated film 200 as described 
below). 

(ix) Next, as shown in Figs. 24A and 24B, a nickel 
plated film 200 with a specified thickness (for exam- 
ple, 5 \im) is fbmied as the remaining portion of the s 
material of the buckling member 1 on the silicon 
oxide film 4 by an electrolytic plating process. As the 
electrolytic plating process, nickel plating by. for 
example, nickel sulfamate bathing may be adopted 
with the nickel film 1 70 used as an electrode. io 

In addition, in Fig. 24A. areas sandwiched by 
the photoresist 190. 190 out of the nickel films 170, 
200, and others form the buckling meniber 1, while 
areas outer than the photoresist 1 90, 1 90 out off the 
nickel films 170. 200, and others form wirings 51a, is 
51b as shown in Fig. 1. 

(x) Next, as shown in Figs. 25A and 25B, an alumi- 
num film 210 with a thickness of, for example. 0.5 
}jun is formed on the nick^ plated film 200 as a sec- 
ond sacrifice layer by. for example, sputtering. Sub- 20 
sequently, photolithography is performed and 
etching with a potassium fiydroxide solution used as 
the etchant is performed, so that the aluminum film 

21 0 is processed into a pattern oonresponding to the 
clearance 33 as shown in Fig. 1. Depending on the ss 
thickness of the second sacrifice layer 21 0, the size 
of the clearance 33 shown in Rg. 1, or the interval 
D between the buckling member 1 and the dia- 
phragm 5 shown in Fig. 5 is determined. 

In addition, since the etching of the second sac- so 
rifice layer 210 is performed by using an alkaline 
etchant (potassium hydroxide solution), the resist 
190 present outside the pattern of the second sac- 
rifice layer 210 (see Fig. 24A) is removed togetiier 
with the second sacrifice layer 21 0. Meanwhile, the 35 
photoresist 1 90 present inside the pattern of the sec- 
ond sacrifice layer 21 0 is left as it is under the second 
sacrifice layer 210, as shown in Fig. 25B. 

(xi) Next, as shown in Fig. 26A and 268, on tiie sec- 
ond sacrifice layer 210, a tantalum film with a thick- 40 
ness of. for example, 0.01 jun and a nickel film (not 
shown) with a thickness of, for example. 0.1 pm are 
formed as part of the nnaterial of the diaphragm 5 (a 
second metal layer) by. for example, sputtering. Sub- 
sequentiy. a nickel plated film 220 with a specified 45 
thickness (for example, 4 \m) is formed thereon as 
the remaining portion of the material of the dia- 
phragm 5 with the nickel film used as an electrode 

by an electrolytic plating process. As the electrolytic 
plating process, nickel plating by. for example, nickel so 
sulfamate batiiing may be adopted with the nickel 
film 170 used as an electrode. In addition, tiie tan- 
talum film is formed with a view to increasing the 
adhesion between the nickel film 200 or the alumi- 
num film 21 0 and the nickel film formed In this step, ss 

(xii) Next as shown in Figs. 27A and 278. the sub- 
strate 7 in this state is immersed in a potassium 
hydroxide solution, and the silicon substrate 7 is 
etched by using as masks tiie nickel plated film 220 



on the front surface side of the substrate and tiie 
themially oxidized film 6 on the rear surface side of 
tiie substrate. By this process, the refrigerant circu- 
lation hole 16 is completed so astobe bored through 
from tiie rear to the front surface skJe of the substrate 
7. The inner peripheral surface of tiie refrigerant cir- 
culation hole 16 becomes a (1 1 1) plane with a low 
etching rate. The etching is stopped at the surface 
. protective film 6 of the substrate 7. 

(xiii) Next, as shown in Figs. 28A and 288, tiie sub- 
strate 7 in this state is immersed in a hydrofluoric 
acid solution, and the thermally oxidized film 6 on 
the rear surface side of the substrate and tiie alumi- 
num film 120 as the first sacrifice layer are etched 
and thereby removed. By tiiis process, the clearance 
32 is formed between tiie surface protective film 6 
of the substrate 7 and the first insulating film 2. Sub- 
sequently, as shown in Rg. 29, tiie substrate 7 is 
immersed in tiie aforementioned potassium hydrox- 
ide solution, and tiie photoresist 190 and the alumi- 
num film 210 as the second sacrifice layer are 
etched and thereby removed. As a result, tiie clear- 
ance 33 is formed between tiie buckling member 1 
and tiie diaphragm 5. 

(xiv) Next, as shown In Rgs. 30A and 30B, photore- 
^st 230 is applied to the front surface side of the 
substi-ate, and photolitiiography and chart are car- 
ried out so that the diaphragm 5 is formed by pat- 
terning the nickel film 220 and tiie like. 

(xv) Next, as shown in Rgs. 31Aand 31 B, the pho- 
toresist 230 is stripped off. As a result, the counter 
20 is completed. 

(xvi) Finally, as shown in Fig. 1. the nozzle plate 10 
is installed via the spacer 8 on the front surface side 
of tile substrate 7 in ttiis state, and besides the hous- 
ing 9 is joined on the rear surface side of the sub- 
strate 7. whereby tiie Inkjet head 90 is completed. 
It Is assumed that the Ink feed passage 14 in the 
spacer 8. the nozzle orifice 1 1 in tiie nozzle plate 1 0, 
and the refrigerant feed passage 35 in the housing 
9 are previously fabricated. 

As seen above, in this fabricating metiiod. since tiie 
pressure generating member 20 is fabricated by semi- 
conductor integrating processes, the Inkjet head 90 can 
be fabricated into small size. Also, since the two clear- 
ances 32. 33 in the pressure generating member 20 are 
formed collectively and continuously, the fabricating 
process can be simplified. Yet. since tiie clearances 32. 
33 are formed according to the tiiicknesses of the first 
sacrifice layer 120 and tiie second sacrifice layer 210. 
tiie dimension of the clearances 32, 33, or the interval A 
between tiie surface protective film 6 of the substrate 7 
and ttie first insulating film 2, as well as tiie interval D 
between the buckling member 1 and the diaphragm 5 
can be set each with a high accuracy. For example, the 
interval A can b~ set to 0.1 or less and tiie interval D 
can be set to 1 .0 jjun or more. As a result, tiie response 
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speed of the ink jet head 90 can be Improved so that 
high-speed printing can be realized. 

As apparent from the foregoing description. In the 
Inkjet head of the present invention, since the substrate 
is present on the rear side, heat of the pressure gener- 
ating member, espedally of the buckling member and the 
heater layer, can be discharged out of the ink chamber 
rapidly through the substrate, by selecting a material 
having a thermal conductivity larger than that of ink by 
one order or more as the material of the substrate. 
Accordingly, the cooling rate of the pressure generating 
member can be made high and. as a result, a good 
response characteristic is obtained so that high-speed 
printing becomes possible. Also, since the budding 
member and the heater layer, which constitute the pres- 
sure generating member, are provided by independent 
layers, the heater layer may be shaped into a narrow pat- 
tern Irrespectively of the shape of the bucWIng member. 
Such an- arrangement saves the amount of current for 
energization involved in obtaining a required amount of 
J heat so that the power consumption can be reduced. 
In the Inkjet head of the present invention, since the 
substrate is present on the rear side of tiie pressure gen- 
erating member, heat of the pressure generating mem- 
ber, especially of the buckling member, can be 
discharged out of the ink chamber rapidly through the 
substrate, by selecting a material having a thermal con- 
ductivity larger than that of ink by one order or more as 
the material of the substrate. Accordingly, the cooling 
rate of the pressure generating member can be made 3o 
high and. as a result, a good response characteristic is 
obtained so that high-speed printing becomes possible. 
Also, thanks to tiie diaphragm, the Ink present in a clear- 
ance between the nozzle plate and tiie pressure gener- 
ating member (diaphragm) can be prevented from going as 
around to the rear side of tiie pressure generating mem- 
ber (diaphragm) during an operation. As a result, tfie dis- 
charge force and discharge rate of ink can be made 
large. Furtiier. since tiie buckling member and the dia- 
phragm, which constitute the pressure generating mem- 4o 
ber. are provided separately, tiie bucWing member may 
be shaped irrespectively of the shape of the diaphragm. 
For example, it becomes possible to form slits In the 
buckling member. Such an arrangement allows the buck- 
ling member to be rapidly cooled by circulating the ref rig- 4s 
erant such as ink tiirough tfie buckling member on the 
rear side of tiie diaphragm. As a result, an even better 
response characteristic can be obtained so that high- 
speed printing becomes possible. 

In the Inkjet head of one embodiment, since tiie sub- bo 
strata Is present on tiie rear side of the pressure gener- 
ating member, heat of tiie pressure generating member, 
especially of the buckling member and tiie heater layer, 
can be discharged out of the Ink chamber rapidly through 
the substrate, by selecting a material having a thermal ss 
conductivity larger than that of ink by one order or more 
as tiie material of the substrate. Accordingly, tfie cooling 
rate of tiie pressure generating member can be made 
high and. as a result, a good response characteristic can 



be obtained so that high-speed printing becomes pos^- 
ble. Also, since the buckling member and the heater 
layer, which constitute the pressure generating member, 
are provided by independent layers, the heater layer may 
5 be shaped into a narrow pattern irrespectively of the 
shape of ttie bucWIng member. Such an an-angement 
saves the amount of cunrent for energization involved In 
obtaining a required amount of heat so that the power 
consumption can be reduced. Furtiier. thanks to the dia- 
10 phragm, the ink present in a clearance between the noz- 
zle plate and the pressure generating member 
(diaphragm) can be prevented from going around to tiie 
rear skle of tiie pressure generating member (dia- 
phragm) during an operation. As a result, tiie discharge 
IS force and discharge rate of ink can be made large. Fur- 
tiier. since tiie buckling member and the diaphragm, 
which constitute tiie pressure generating member, are 
provided separately, the buckling member may be 
shaped In-espectively of tiie shape of the diaphragm. For 
20 example, it becomes possible to form slits in the buckling 
member. Such an an-angement allows tiie buckling 
member and the heater layer to be rapidly cooled by cir- 
culating the refrigerant such as ink through tiie buckling 
member on tiie rear side of tiie diaphragm. As a result, 
an even better response characteristic can be obtained 
so tiiat high-speed printing becomes possible. 

In the ink jet head of one embodiment, since the 
heater layer is provided along the rear surface of the 
bucWing member out of both surfaces of the buckling 
member, the heater layer tiiat has been heated to a high 
temperature particularly out of the pressure generating 
member can be rapidly cooled tiirough the substrate. 
Accordingly, tiie cooling rate of the pressure generating 
member can be made even higher and, as a result, an 
even better response characteristic can be obtained so 
tiiat high-speed printing becomes possible. 

In the Ink jet head of one embodiment, since the 
pressure generating member has a first insulating layer 
provided between the substrate and tiie heater layer, the 
substrate and the heater layer can be successfully insu- 
lated from each other so tiiat tiie cunrent flowing through 
tiie heater layer can be prevented from leaking to the 
subsfrata As a result, tiie amount of cun-ent required to 
obtain the necessary heat generation can be saved so 
that tiie power consumption can be reduced. 

In the ink jet head of one embodiment, since tiie 
pressure generating member has a second insulating 
layer provided between tiie buckling member and tiie 
heater layer, the buckling member and tiie heater layer 
can be successfully insulated from each other so that tiie 
currentflowing through the heater layer can be prevented 
from leaking to tiie buckling member. As a result, tiie 
amount or cun-ent required to obtain tiie necessary heat 
generation can be saved so that tiie power consumption 
can be reduced. 

In the Inkjet head of one embodiment, since tiie dia- 
phragm is formed into a generally disc shape, the volu- 
metric variation of the ink chamber (a clearance between 
tiie nozzle plate and the pressure generating member) 
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can be made large for a small surface area of the dia- 
phragm. Accordingly, the discharge force and discharge 
rate can be made large for the small surface area of the 
diaphragm. Conversely, when the discharge force of ink 
is larger than necessary, the Inkjet head may be minia- 
turized by reducing the diameter of the diaphragm. 

In the Inkjet head of one embodiment, at least part 
of the diaphragm other than the peripheral portion is cou- 
pled to the buckling member. Therefore, when the buck- 
ling member is going to restore to the original position 
after a heating period and upon the entrance into a cool- 
ing period, the diaphragm undergoes atensfle force from 
the bucWing member in addition to its own restoring 
force. As a result of this, the diaphragm restores to the 
original position faster. Accordingly, the response char- 
acteristic of tine pressure generating member can be 
improved so that high-speed printing is enabled. 

In the ink jet head of one embodiment, tiie center 
portion of tiie diaphragm is coupled to the center portion 
of tiie buckling member. Therefore, a portion (center por- 
tion) that has been displaced to the most extent out of 
the diaphragm during a heating period is pulled by a por- 
tion (center portion) tiiat restores fastest out of the buck- 
ling member upon tiie entrance into.a cooling period. As 
a result, the diaphragm restores to the original position 
even faster. Accordingly, tfie response characteristic of 
the pressure generating member can be improved so 
that high-speed printing is enabled. 

In the ink jet head of one embodiment, a clearance 
is provided between an intermediate portion between the 
peripheral portion and the part coupled to tiie bucWing 
member out of tiie diaphragm, and the buckling menf±>er. 
Therefore, it becomes possible to rapidly cool tiie buck- 
ling member by drculating tiie refrigerant such as Ink 
through tiie cleariance between tiie diaphragm and tiie 
buckling member, on the rear side of tiie diaphragm. As 
a result, an even better response characteristic can be 
obtained so tiiat high-speed printing is enabled. 

In the Ink jet head of one embodiment, a clearance 
is provided between a portion of tiie buckling member 
inner than its peripheral portion out of the pressure gen- 
erating menf*)er. and the substrate. Therefore. It 
becomes possible to rapidly cooi tiie bucWing member 
and tiie heater layer by circulating tiie refrigerant such 
as inkthrough the clearance between the buckling ember 
and the substrate, on tiie rear side of the diaphragm. As 
a result, an even better response characteristic can be 
obtained so tiiat high-speed printing is enabled. 

In the ink jet head of one embodiment, the distance 
between tiie substrate and tiie aforementioned portion 
of tiie pressure generating member is set to witiiin a 
range of 0.05 jtm to 2.0 pjn. Therefore, tiie clearance 
between the substrate and tiie pressure generating 
member can be easily formed, and also tiie response 
characteristic of the pressure generating member can be 
maintained good. That is, if the dimension of tiie clear- 
ance is 0.05 fjun or more, the clearance can be formed 
by stacking the material of tiie sacrifice layer (a layer for 
processing) and that of the pressure generating member 



on tiie substrate one by one, and by removing the sacri- 
fice layer with an etchant. Furtiier, if the dimension of the 
clearance is 2.0 jun or less, heat of tiie pressure gener- 
ating member, especially of tiie buckling member and tiie 

5 heater layer, can be discharged rapidly out of the ink 
chamber through tiie substrate during a cooling period. 

In the Inkjet head of one embodiment, a slit is pro- 
vided at a portion of the pressure generating member 
inner tiian tiie peripheral portion of the buckling member, 

10 so as to be bored through from the surface opposite to 
the substrate to the diaphragm side surface of the buck- 
ling menfft>er. Therefore, the buckling member can be 
rapidly cooled by circulating the refrigerant such as ink 
tfirough the slit on the rear side of the diaphragm. In par- 
ts ticular, when clearances are provWed between tiie dia- 
phragm and the buckling member and between the 
substrate and tiie pressure generating member, these 
clearances communicate witii each other tiirough the slit 
so tiiat tiie cooling effect can be enhanced. As a result, 

20 tiie response characteristic is further improved so that 
high-speed printing is enabled. 

!n tiie Ink jet head of one embodiment, a plurality of 
slits as described above are provided, and it is arranged 
tiiat a strip-shaped portion of the bucWing member sand- 

25 wiched by the slits will be bucWed. Therefore, for exam- 
ple, by attaching tiie entire peripheral portion of tiie 
bucWing member to tiie substrate, tiiermal stress of tiie 
bucWing portion due to repeated heating and cooling can 
be received by the entire peripheral portion. Accordingly, 

30 tiie tiiermal stress of the bucWing portion is not applied 
only to particular portions, but can be relaxed and 
received by tiie entire peripheral portion. As a result, tiie 
place where the substrate and tiie bucWing member are 
fitted to each other can be prevented from being dam- 

35 aged, so tiiat tiie Inkjet head can be prolonged in its serv- 
ice life. 

In tiie Inkjet head of one embodiment, tiie substrate 
is provided with a refrigerant circulation hole which is 
bored through the substrate and which confronts a por- 
40 tion of the pressure generating member inner than the 
peripheral portion of tiie bucWing member. Therefore, 
the refrigerant such as ink can be fed from the rear side 
of tiie substrate to tiie front side of tiie substrate tiirough 
ttie refrigerant circulation hole. The fed refrigerant circu- 
45 lates between the front and rear sides of the substrate 
as the pressure generating member is displaced and 
restored by heating and cooling. Accordingly, it becomes 
possible to rapidly cool tiie pressure generating member. 
This fact Is particularly significant when tiie ink is pre- 
50 vented from going around to the rear side of tiie dia- 
phragm by the diaphragm being provided. Also, when a 
clearance is provided between the diaphragm and the 
bucWing member or between the substrate and tiie pres- 
sure generating member, or when slits bored tiirough 
55 from the surface opposite to the substrate to the dia- 
phragm-side surface of tiie .bucWing member are pro- 
vided at portions of the pressure generating member 
inner than tiie peripheral portion of the bucWing member, 
tiie refrigerant circulates tiirough the clearances or slits 
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so that the cooling effect can be enhanced. As a result, 
an even better response characteristic can be obtained 
so that high-speed printing is enabled. 

In the Inkjet head of one embodiment, the refrigerant 
circulation hole Is so arranged that its size gradually s 
decreases from the rear side toward the front side of the 
substrate. Therefore, the opposing area between the 
pressure generating member and the substrate surface 
is less reduced as compared to when the refrigerant dr- 
culat'on hole is not provided. Accordingly, heat of the 10 
pressure generating member, especially heat of. the 
buckling member and the heater layer, can be dis- 
charged rapidly out of the ink chamber through the sub- 
strate. As a result, the cooling rate of the pressure 
generating member can be maintained high, so that the is 
response characteristic can be maintained good. 

In the Inkjet head of one embodiment, a refrigerant 
reservoir communicating with the refrigerant circulation 
hole is formed on the rear side of the substrate. There- 
fore, the refrigerant such as Ink can be fed to the front 20 
side of the substrate from the refrigerant reservoir 
' through the refrigerant circulation hole. 

According to the method for fabricating the Ink jet 
head in one embodiment, since the pressure generating 
member can be fabricated by semiconductor Integrating 2s 
processes, the ink jet head can be fabricated Into small 
size. Further, two clearances, I.e.. one clearance 
between the substrate and the pressure generating 
member and the other clearance between the buckling 
member and the diaphragm in the pressure generating 30 
member, can be collectively fabricated by etching and 
removing continuously the first sacrifice layer and the 
second sacrifice layer. Accordingly, the fabrication proc- 
esses can be simplified. Yet,' the two clearances are 
formed in response to the thicknesses of the first sacri- 3S 
flee layer and the second sacrifice layer, respectively, so 
that the distances of the clearances can be set with high 
accuracy. 

The invention being thus described, it will be obvious 
that the same may be varied in many ways. Such varia- 40 
) tions are not to be regarded as a departure from the spirit 
and scope of the invention, and all such modifications as 
would be obvious to one skilled in tiie art are intended 
to .be Included within the scope of the following claims. 

45 

Claims 

1, An Inkjet head which comprises: an Ink chamber 
(31) including as part of its peripheral wall a nozzle 
plate (1 0) having a nozzle opening (11), and a sub- so 
strate (7) opposed to the nozzle plate (10); and a 
pressure generating member (20) provided in the ink 
chamber (31) and opposed to the riozzle plate (10). 
wherein the pressure generating member (20) is 
deformed to generate a pressure witiiin the ink ss 
chamber (31), so that ink liquid in the ink chamber 
(31) is discharged out of the ink chamber (31) 
through the nozzle opening (11). 

the pressure generating member (20) conv 
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prising: 

a buckling member (1) which is formed into a 
generally plate shape, where portions forming both 
ends in at least one direction out of a peripheral por- 
tion of the buckling member (1) are attached to the 
substrate (7), and which buckling member (1) is 
switchable between a no-displacement state in 
which tiie buckling member (1) undergoes substan- 
tially no thermal stress, and a buckling state In which 
the buckling member (1) Is buckled through thermal 
expansion; and 

a heater layer (3) which is provided along one 
surface of tiie buckling member (1) and which gen- 
erates heat through electrical energization. 

2. An ink jet head which comprises: an ink chamber 
(31) including as part of its peripheral wall a nozzle 
plate (10) having a nozzle opening (1 1), and a sub- 
strate (7) opposed to tiie nozzle plate (10); and a 
pressure generating member (20) provided in the ink 
chamber (31) and opposed to the nozzle plate (1 0), 
v^ereln the pressure generating member (20) Is 
deformed to generate a pressure within the ink 
chamber (31), so that ink liquid in the ink chamber 
(31) is discharged out of the Ink chamber (31) 
through the nozzle opening (1 1), 

the pressure generating member (20) com- 
prising: 

a buckling member (1) which is formed into a 
generally plate shape, where portions forming both 
ends in at least one direction out of a peripheral por- 
tion of the buckling member are attached to tiie sub- 
strate (7), and which buckling member (1) is 
switchable between a no-displacement state In 
which the buckling member (1) undergoes substan- 
tially no tiiermal stress, and a bucWing state in which 
the buckling member (1) is buckled through thermal 
expansion; and 

a diaphragm (5) which is composed of a gen- 
erally plate-shaped flexible material, and which is 
provkied along one surface of the buckling member 
(1) on tiie nozzle plate (10) side out of both surfaces 
of the buckling member (1) in such a state that a 
peripheral portion (5c) of the diaphragm (5) is 
attached to the peripheral portion (1 c) of the buckling 
member (1). 

3. The Inkjet head as claimed in Claim 1 , wherein 

the pressure generating member (20) further 
comprises: 

a diaphragm (5) which is composed of a gen- 
erally plate-shaped flexible material, and which Is 
provided along one surface of the buckling member 
(1) on the nozzle plate (1 0) side out of both surfaces 
of the buckling member (1) in such a state that a 
peripheral portion (5c) of the diaphragm (5) is 
attached to the peripheral portion (1 c) of the buckling 
member (1). 
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4. The ink jet head as claimed in Claim 1 , wherein 

the heater layer (3) is provided along one sur- 
face of the buckling member (1) on the substrate (7) 
side out of both surfaces of the buckling member (1). 

5. The ink jet head as claimed in Claim 1 , wherein 

the pressure generating member (20) has a 
first insulating layer (2) provided between the sub- 
strate (7) and the heater layer (3). 

6. The ink jet head as claimed in Claim 1 , wherein 

the pressure generating member (20) has a 
second insulating layer (4) provided between the 
buckling member (1) and the heater layer (3). 

7. The ink jet head as claimed in Claim 2, wherein 

the diaphragm (5) is formed into a generally 
disc shape. 

8. The ink jet head as claimed in Claim 2. wherein 

in addition to the peripheral portion of the dia- 
phragm (5), at least one part (5a) of the diaphragm 
(5) other than the peripheral portion (5c) is coupled 
to the buckling member (1). 

9. The ink jet head as claimed in Claim 2. wherein 

a center portion (5a) of the diaphragm (5) is 
coupled toacenter portion (1a) of thebucWing mem- 
ber (1). 

10. The ink jet head as claimed in Claim 9, wherein 

a clearance (33) Is provided between an 
intermediate portion between the peripheral portion 
(5c) and tiie center portion (5a) of the diaphragm (5), 
and the bucWing member (1). 

1 1 . The ink jet head as claimed in Claim 1 . wherein 

a clearance (32) is provided between a por- 
tion of the pressure generating member (20) present 
inner than tiie peripheral portion (1 c) of tiie buckling 
member (1). and the substrate (7). 

12. The ink jet head as claimed in Claim 2, wherein 

a clearance (32) Is provided between a por- 
tion of the pressure generating member (20) present 
inner than the peripheral portion (1c) of the bucWing 
member (1). and the substrate (7). 

• 13- The Ink jet head as claimed in Claim 1 1 , wherein 
a distance between tiie substrate (7) and tiie 
above-defined portion of the pressure generating 
member (20) is set wltiiin a range of 0.05 jtm to 2.0 
IJim. 

14. The ink jet head as claimed in Claim 12, wherein 
a distaste between tiie substrate (7) and the 
above-defined portion of the pressure generating 
member (20) is set within a range of 0.05 |jum to 2.0 
^m. 



15. The Inkjet head as claimed in Claim 1 , wherein 

at least one silt (40) is provided at a portion 
of the pressure generating member (20) present 
inner than the peripheral portion (1c) of the buckling 
5 member (1 ) so as to be bored tiirough from a surface 
opposed to the substrate (7) to a surface of tiie buck- 
ling member (1) on the nozzle plate (10) side. 



16. The ink jet head as claimed in Claim 2, wherein 

10 at least one slit (40) is provided at a portion 

of the pressure generating member (20) present 
inner than the peripheral portion (1 c) of the buckling 
member (1 ) so as to be bored tiirough from a surface 
opposite to tiie substrate (7) to a surface of the buck- 

IS ling member (1) on the nozzle plate (1 0) side. 

17. The Inkjet head as claimed in Claim 15, wherein 

a plurality of tiie slits (40) are provided, and 
a strip-shaped portion (lb) of the buckling member 
20 (1 ) sandwiched by tiie slits (40) is so arranged as to 
be budded. 

18. The Inkjet head as claimed in Claim 16, wherein 

a plurality of tiie slits (40) are provided, and 
25 a strip-shaped portion (1 b) of the buckling member 
(1 ) sandwiched by tiie slits (40) Is so arranged as to 
be buckled. 

19. The Inkjet head as claimed in Claim 1, wherein 

30 a refrigerant circulation hole (1 6) is provided 

in the substrate (7) so as to be bored through the 
substrate (7) and confront a portion of the pressure 
generating member (20) present inner than tiie 
peripheral portion (1c) of the bucWing member (1). 

35 

20. The Inkjet head as claimed in Claim 2, wherein 

a refrigerant circulation hole (16) is provided 
in the substrate (7) so as to be bored through the 
substrate (7) and confront a portion of tiie pressure 
40 generating member (20) present inner than tiie 
peripheral portion (1c) of the buckling member (1). 

21 . The Inkjet head as claimed In Claim 19, wherein 

the refrigerant circulation hole (16) is so 
45 formed ttiat a size of tiie refrigerant circulation hole 
(16) gradually decreases from one side of tiie sub- 
strate (7) opposite to the side on which tiie pressure 
generating member (20) is provided, toward tiie 
pressure generating member (20) side of the sub- 
50 strate (7). 

22. The Inkjet head as claimed in Claim 20, wherein 

the refrigerant circulation hole (16) is so 
formed tiiat a size of the refrigerant circulation hole 
55 (1 6) gradually decreases from one side of tiie sub- 
strate (7) opposite to the side on which tiie pressure 
generating member (20) is provided, toward the 
pressure generating member (20) side of the sub- 
strate (7). 
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23. The ink jet head as claim d in Claim 19, wherein 

a refrigerant reservoir (34) communicating 
with the refrigerant circulation hole (16) is provided 
on one side of the substrate (7) opposite to the side 
on which the pressure generating menrU>er (20) is 5 
provided. 

24. The Inkjet head as claimed in Claim 20, wherein 

a refrigerant reservoir (34) communicating 
with the refrigerant circulation hole (16) Is provided 10 
on one side of the substrate (7) opposite to the side 
on which the pressure generating member (20) is 
provided. 

25. A method for fabricating an Inkjet head which com- is 
prises: an Ink chamber (31) including as part of its 
peripheral wall a nozzle plate (10) having a nozzle 
opening (1 1), and a substrate (7) opposed to the 
nozzle plate (10); and a pressure generating mem- 
ber (20) provided in the ink chamber (31) and 20 
opposed to the nozzle plate (10). wherein the pres- 
sure generating member (20) comprises a plate- 
shaped buckling member (1). a heater layer (3) pro- 
vided on one side of the buckling member (1) on 
which the substrate (7) is provided, and a diaphragm 25 
(5) provided on one side of the buckling member (1) 

on which the nozzle plate (10) is provided, the 
method comprising the steps of: 

forming a first sacrifice layer (120) having a 
pattern occupying a specified closed area on a sur- 30 
face of the substrate (7); 

forming a first insulating layer (2) composed 
of a material that can be etched selectively with the 
first sacrifice layer (120) in such a manner that the 
first insulating layer (2) covers the first sacrifice layer as 
(120); 

forming on the first insulating layer (2) a 
heater layer (3) having a pattern passing through an 
area occupied by the first sacrifice layer (120); 

forming a second insulating layer (4) com- 40 
posed of a material that can be etched selectively 
with the first sacrifice layer (120) irisuch a manner 
that the second Insulating layer (4) covers the above- 
formed layers (2, 3); 

fbmiing slits (40) along botii sides of the pat- 4S 
tern of the heater layer (3) In such a manner that the 
slits (40) extend from a front surface of the second 
insulating layer (4) to a front surface of the first sac- 
rifice layer (120); 

burying interiors of the slits (40) by applying so 
resist onto the substrate (7) and by performing pho- 
tolithography, and forming a resist wall (190) that 
protrudes from the front surface of the second insu- 
lating layer (4) by a specified height with its width • 
kept equal to that of the slits (40); ss 

forming on the second insulating layei* (4) a 
first metal layer (200) for constituting the buckling 
member (1), by a plating process into a specified 
thickness which does not exceed tiie height of the 



resist wall (190); 

forming a second sacrifice layer (210) com- 
posed of a material that can be etched selectively 
with tiief irst metal layer (200), on a closed area gen- 
erally con-esponding to the first sacrifice layer (120) 
in such a manner that tiie second sacrifice layer 
(21 0) covers a specified portion of a front surface of 
the first metal layer (200) as well as the slits (40); 

forming a second metal layer (220) serving 
for constituting the diaphragm (5) and composed of 
a material that can be etched selectively with the 
second sacrif toe layer (210). all over so that the sec- 
ond metal layer (220) covers the above-formed lay- 
ers (200, 210) on the surface of tiie substrate (7); 

boring a hole (16) reaching the first sacrifice 
layer (1 20) on the front surface side of th e substrate 
(7) by performing etching from a rear surface side of 
tiie substrate (7), etching and thereby removing the 
first sacrifice layer (120) through the hole (1 6) selec- 
tively witii the first and second insulating layers (2, 
4), and subsequently removing tine reast wall (190), 
and further etching and thereby removing the sec- 
ond sacrifice layer (210) through the slits (40) gen- 
erated by removing the resist wall (190) selectively 
with thef irst and second metal layers (200. 220) ; and 

forming tiie diaphragm (5) having a specified 
configuration by patterning the second metal layer 
(220). 
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